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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a thick film of tape-like oxide superconductor by a 
MOD(metal organic deposition) method using TFA(trifluoroacetate). 

SOLUTION: A mixed solution of TFA salts, which contains a prescribed molecular ratio of metal 
elements composing a RE-base oxide superconductor, is applied onto an IBAD composite 
substrate, calcine-processed to obtain a precursor, and the precursor is heated for 
crystallization to give a thick film of tape-like oxide superconductor. Several layers of the 
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at least the most outer layer of the precursor within the temperature range of 250 to 350° C, 
and the steam pertial pressure of an inducing gas in crystallization heat treatment atmosphere 
before crystallization of the most outer layer of the precursor within the range of 0.5 to 3.2 
vol.% in order to easily obtain the thick film of a tape-like oxide superconductor. 



LEGAL STATUS 

[Date of request for examination] 

[Date of sending the examiner's decision of 
rejection] 

[Kind of final disposal of application other than 
the examiner's decision of rejection or 
application converted registration] 



http://www1 9.ipdl.nclpi.go jp/PAl /result/detail/main/wAAALSaal PDA41 5034527... 2006/1 2/1 8 



Searching PAJ 



2/2 ^— V 



[Date of final disposal for application] 
[Patent number] 
[Date of registration] 

[Number of appeal against examiner s decision 
of rejection] 

[Date of requesting appeal against examiner's 
decision of rejection] 

[Date of extinction of right] 



http://www1 9.ipdl.ncipi.goJp/PA1 /result/detail/main/wAAAL8aa1 PDA41 5034527... 2006/1 2/1 8 



Page 1 of 1 

1^' 



(i9>B*B»ffff (jp) ^^2) ^ H *^ 1^ H (A) {wmmmm^ 

^^2003-34527 
(P2003 -34527A) 
(mmB ¥J«15ip2^ 7 0(0003.2.7) 



(5l)lnt.a' 
COiG 1/00 

3;'00 

HO IB J2/06 
HOIL 



ZAA 
565 



FI 

COIG J/OO 
5/00 

HO IB 12^06 
lS/00 

liblL 39/24 



S 4G047 
2AA 4M113 
5G321 

B 





















^JS^U^]^ 3 ;^27 0 C2002. 3w 27) 
















iftl^O 1 - ]456CD(P2aO] -1456DD} 


<7)>tiiaA 


000002255 












0* (JP) 










(7I)!mA. 


00000&186 
















SM»tms*as 1 re 5S 1 ^ 








J00077S84 



















C54) m7'-'fm<t^m^»'&xf^9Sk^ 



(57) t^v-^] 

[HI! ] T F A I, ^^cMO D ^IC J: ♦! 



http://ww4Jpdl.ncipi.gojp/Tokujilii/tjcontentdbenjp 12/27/2006 



Page 1 of 1 



[15*317 ] ^Kl5l9^Ei^:. 0. 5-3. 2voI1J^<0 

lu Ov (CC^CREii. Y. Nd. Sm. Gd. E 
[ig*3i 1 2 3 i^gff^Si^^iSli, h 'J .'i^^t Ditl^'S, 



(2) e^2 0 03-34 52 7 

2 

[ig*:«l 4].RE,.x Ba,.x Cu, O. i>^^rj:m 
<?>^}c^^<JJI^ 4 . 0 V o 1 bX^U'^^Lt^^ 

mm. 1 5 ) \mm^^^^t^^''2 5 0 3 5 0 

20 Ei^^O. 5-3. 2 vo l%C>«a'CJS^Ci^«ai 

1 0 0 0 1 ] 
[ 0 0 0 2 ] 

[ 0 0 0 3 ] mt^^m^^^iMom^cmt^fc^ 
[ 0 0 0 5 ] Erm\m^n.^w. m^b. 

REi.x Ba^.x Cu. Ot (CC^REit. Y, N 
d. Sm. Gd. Ell, Yb. P r 7.4^H o:i>>6^$ 



http://www4ipdLncipi.gojp/l3Contentdben.ipdl?N0000=21&N0400=image/^^^ 12/27/2006 



Page 1 of 1 



3 

[ 0 0 0 6 ] C(OUODit (M^Tal Onqanic Deposition 
Processes :^lSSfeltg.S> It. ^gW^SiS^^S 

[ 0 i) 0 7 1 MO z^^^i^i^^xxt. ai^m4r'*^^g 

mm^^:^. RE (123) ^n^\t {RE: Ba : Cu 
= 1:2:3. UTIIO* > ^^^.'^tT^^^Ssi^^jS^ft;^ 

[0008] c€'i? A^^^&^iitt^ism^. m 

[ 0 0 0 9 ] 

[^mmi$i:h^,'>trhm^] ±:'^<ox'yi^. mod 

I^m4<!:f 'SM0D?*tcic^D3£^T^^c:i!>tc, TFA^ 

i>^^k^rih'>')K \mx'm%^hm'-^'-'^<u^tim 
[0 0 1 0 ] tfc. w^ij^x^^^(DX%i^m^hxw^ 
x^h(ot^A.hnx\<-^, 

[0 0 1 1 ] Ja±<?>P'9jlEj=^^il^f ^:fci6tc 

[ 0 0 12] c<om\\Mmwm^<r>wm\t. i sxt* 



(3) (1^2003-34527 

4 

[ 0 0 13] 

^m^^.m^(o^Mtx'^t^^mim&o>^^^^^ 

mim^m^i^brcm\t^Bm^i^^is\.^x . ^mit^ 

7 Ktc ^mumm&^nt^ 0 . 7 w/orf ^ ^> j: ^ 

[ 0 0 14] hu<m\mBwmm\t\t. ^(om^^c 
w^rmmit btcmVimjyy ^ imomLi^^ o . 3 

±e<: Jg^Ja^^sl-r c i <i: o ^^jglt 5: J: 0 
20 [ 0 0 16] ^^^mt^^mt. ri'^t < t h^^m(r> 

[0 0 1 7 ] ^^tc. m^itmmkt. *^.5;.^>Ej^i 

4 . 0 V 0 I ?^i;[TC[>^SSvE?»rif^> C u < . 

5-3- 2 vo !%<?>S5B (K 
tc$t ^ 1/ < \t. ^m^S^E^^ 1 - 0 - 3 . 2 V o 1 

30 jt^BS^q^CJ^^iaS^E^O. 5-3. 2vol%(^a 
S<ltc$fSU<(t .ic^^vS'llTiJM . 0-3. 2vo 

[ 0 0 18] u£o>mmitmm\t. mim& 

[ 0 0 19] mit^&^mt. ^m-i^^m^co^'^m 
40 i&^m)wMtbx=^m^tx^*\ c€'^^mm^ 

[ 0 0 2 0 ] u±i4-<feK{big5a^«fiij, -mu^m 

I4ias>^m^. EPfe, REwx Bdi.x Cu, Ov iy^ 

}iikx^t^±mmmii^<om^m^^m^tcm^ otc 
50 «Jg£U. ;Xi-^c^a(fe^S*feTCitcj:OI^*fbiSja 



http://ww4ipdLncipi.gojp/tjcontentdbenipdl?N0000=21&N0400=^^ 12/27/2006 



Page 1 of 1 



[002 1] c(om^. mmmmii^2 5 O -3 5 

*SSv<}E3?>^0 - 5 3 . 2 V 0 ! %<O^UX'hhC t 
imth<. *^j^v»S:6^1- 0-3. £vo ! 

[ 0 0 2 2] 

[0 0 2 3] ^JS^SffiiOriiLa A !0, (10 

N i ^^'P ! BADS (Ion Beam Assisted Depositio 
[0024] Sei^lteN I ?^P^T8Xl.A:N i Sfi 

--^^i> >-t>^wiisi^^;rt:f^^^n. rab ! is <m 

%\ roHmq-assisted biaxnally T^xtu red-substrate 
s) i^JTs^nri^^* C(^£j6]ttN I StSCC'±tC, 

. 5 #E>oc-t-c:'i:tc:;vM- 5? M > i^SEi^ J: 0 iS^SigST 
r-Y S 2 ( h »J 0 A.^lEfbi^.'l'r^^r > <^>Jia^if^ 

^6tc, ±l2(^)YSZS<^>±tcYi.xBa..x Cu, 

[ 0 0 2 5]^ 6frC, i B ADS«:ffiM?<i?g^S« <« 
T. I BADif^SISic^^o ) ii. im'^V^^^^<J> 

^ (CeO. . Y. 0, . YS2^) mmci>(OX\ 

Rxi O7 /CeOz XiiYi 0, ^:Rxi*. Y. Nd. 5 
Cd. El. Yb. «>. Tm, Dv\ Ce. l^MPtr^rht^ ) 



(4) #^2003-34527 

5 

-33 1 7 95^, #1112 00 0-3 33 a 4 3-^) o 
[0 02 6] *ill&^tc4t?c^rii. nut. S«±tcK 

iSfegi^KLilfi^^4 0 0*C*SrlT^C<ttcJ:D. ^518 

mmo>i^m^^m\t:^ ^xmmmmi^i^^mf&r 
h^^. 1 Rinmmmm^ms^0.^ 4 0 0 -c* 

^. St * b < 2 5 0-35 0 V<D^mMS r-ff ^ct 
.10 ^SiN^orfeO. 3J2O0[:'fe^j^5Afi^^]^ti4 0 0-c* 
ig^CTb4 0 crc^&^xiy^itu^K 
[0 02 7] ^fc. im^m^^i^i^xict. m^kt. t^r^ 
m9m^m^v^o>^/^tf7.0;m:^^^Bi^ 4 . 0 v 0 

(D^^^m'ciii\^xisi^0.o>m^^mi.^x \ mo^^ 
mmm\t^<t.->xi^m^iti)^'^micrx^, 

[0 02 8] $lll^4!cc4acirii. nut. ^^±tc© 

E^4- 0 vo 1 W.T^<:t'1:^T^^><J:'fab-s>^^. cn 
li. piRj*. zmw^<m^Mm^it^itxmit^ 

^\1^4. Ovo!^^«T. t'f^(./<i*0. 5-^3. 2 

vo l$^c?>i$&@ (ltc$?f U<li, 1. 0-3- 2vo 

30 ^^m^m^m^^^<^^ktf^o>^m^^»!£it. ixto> 

1 0 0 2 9 ] 2^ fc. ^m<m\t^&^^mmt(o^m 

K{rx'i7t?n^cti)^H^u^i>^. mc. ^mitm^^ 
it^M^t^mmi^trnxj^j^mm^^mmr 

[ 0 0 3 0 ] 

imm] mm I 

40 S^il/t:, fi^lOmro. <glOmm. m^O. 5m 
[0 03 1 ] cc::-SiS±i<:s^JgTFAa^Y-. Ba : 

m^m.^Yf^^XO, 25fflO hJUtC 

[ 0 0 3 2] C<DWMi^^&^lC7.i^'y^- hSoc 

tcm^o>^^^^Mux, .tv^a?:S^fc'S^^@^ 
TCg#S:i!g*C3 0 0*C$t:'JJli^Uy'cflJp?*U. :'Xt,^ 

50 vm0.±^twii^<^'^m'c^j)w.mm^i^i^mo 



http://ww4.ipdl.ncipi.gojp/tjcontentdbenipdl?N0000=21&N0400=m^ 12/27/2006 



Page 1 of 1 

4' 



(5) isSil2003-34527 

7 3 

[ 0 0 3 3] c^'mmhm(^m< ^mim^mic^i.^ i o ose] c<o&m^^\^tx^ifi<om^. y bco 

m^Wm%rX'2 S 'C/m i n (^^ilii^r-fW^^O. [ 0 0 3 7 ] C (r^mmmc-^i^x . m&^^'rmi^cj: 

1 5 () 'CiCtmLX^mitmm^k. vXc.f O T c ^?aij^u:rco ^ Y BC O { l O 2 ) 

[ 0 0 3 4] V±(r>iW^^i^^>X . -mmmki^^^^ 10 1 tc,^f . 

3 O'CiDflja-i tV^c^/^-^^c-? ^X34s^.*vy ij > [0038] 















2 


1 


2 


in m) 


D. 4 


0, 2 


0. 4 




0 0 


4 0 0 


4 0 0 


Siftffitt (203 r 


4 0 0 




4 0 0 




80 


9 5 


50 




20 


S 


5 0 


Tc <K) 


£)2 


9 2 


S 6 



[0039] ttlJ^l [0042] *5g^2 

<j>^:^icuxn^nfc^^±0>m-m^-cnux. ^^'i^m&^mb. l Omm. itll Omm. il$ 

bfci^.. •&>%bXY-Ba'CumUit^^i^fc (mum 30 r^i^TrYS Z(?>^ 1 *r^J3^ 1 Mm<^ll$^<:s£fii 

^.^v^^^fe'K^#aaTT'fi»Sii^sr'4 o o r- [ o o 4 3 ] c (OiSi^&m^^mi^tcmimmi 1 ^i^ 

mi'fcm^i%bxY-Ba-'Ciimmi^^mc (mi m^^^c^^j. &m^it>k\t^^^}iu:¥>f&bfc, c 

mm) o c n 2 moY - b a - c u mmiticn mmi^mitxmmvro'^m. ybo oi>'^^^^x'^ ^ 

os^'i^m&u±i^'^moic, 1 0 0 4 4] c<omwm^'^i,>x. m.^ 1 ii=j*tc 

[0 04 0] ccc'RS^2Sf!gi^x^jEi^c:'se.m, ^.^rn^ i./cTc. cm.usimm^^m^btco mm^m:2 

[ 0 0 4 1 ] C€^mm^tC-?\,^X. 1 iloifefrC 40 [ 0 0 4 5] 



http://ww4jpdLncipi.gojp/tjcontentdbenipdI?N0000=21&N0400=m^^ 12/27/2006 



Page 1 of 1 



(6) «*^2003-34527 
9 10 





^1&^2 










2 


i 


2 






0. 2 


0, 4 




3 0 0 


4 0 0 


4 G G 




4 0 0 




4 G 0 




7 4 


9 0 


4 Q 




2 B 


1 0 


6 0 


T c <K) 


9 2 


J> 2 


8 A 



[ 0 0 4 6] i:k$^0«2 * mim^m^^tc immtz mEo>^^t^mm^^^ 

1iO!:':^^tcj:D. 2!i®o:.ig^z$(*tIBAD1f^S1S [005 n ^:^c. yJiC5C*Sfei5«lS:(:^2(r>.ftl|;0:.?5>. 

1 0 0 4 6 ] W±(?>;^fe1?iJ I RU2jtiJ^u:ttMm 1 SO' ^^^<: .^:^M^?ki'l2is!>f=>ti'':tc*o 

2©$S:l:3>^jE>0^67:)^^^J: i^m^2^iC^^^Utc [ 0 0 5 2 ] *t^i^3 

m^. i@ecc:-fS:K^4Afg?:3oo*C'ciT^fci^^^4 ^^{tmmnm%^<o'^ K^^' ^o-'^M.^^^ i I • o 

o<f5i±i.T:c^'Sc <!:;:>^5?.«^jE>n^* cnho>mt^^ vx'\moxLkom^mm^±^c\mB^imxit2 

10 0 4 9] \m&^imxit2mi<:^:^f$,u. mm^^ 30 mi^€'^^. YBC0i>^^^^xh^cti>mm^n 

mmicMOX T c 9 2 K^>fE> a 4 -6 6 K'silST [ 0 0 5 3 ] C (D&mm^CO J c mxf I c H ( ^SS 

[0050] cmmit. '4m\m^^io>\mst2 tcmm^ (d^^^^^?'^?-^') ybco (o 

<?>i^i6«9^0ie£<^>!gai U-Cii. Ig^^SAsijgigdsiS [0054] 

















1 1, 0 5 


1 05 


1.06 




.4.2 


4-. 2 ■ 


^^iSI (Bin) 


6 0 


1 a 0 


30 0 


60 


i so 


1 20 


^^iBltt (63) 


1 




S 


1 


• z 


5 




0. 2 




1 0 


0. 2 


O 4 


1 . 0 


0 c <MAxc^l^ > 


4 




2 


3. 7 


1. 3 


• 0. 4 


t c (A; 


80 


1 1 20 


200 


7 4 








11440 


' 18256 


32628 


9714 ^ 


1IS74 


]S23B . 




^0. 33 


0 S? 


0. 62 


0. SB 


0. 71 


:o. 95- 



(Jo : 7 7K) 

[ 0 0 5 5 ] tb$^3 0*££tci: 0 3 0 0 •Crfg^L./ $ 4 0 0 *C^C« 



http://www4jpdl.ncipi.gojp/tjcontentdbenjpdl?N0000=21&N040^^ 12/27/2006- 



Page 1 of 1 



[0 05 6] Cora^j^Soc.J cH. I cH. t--iJ?fR 

[ 0 0 5 7 ] v±<omm\zRvftmm<om'/^:'i^m 

1 . 0 5 V 0 1 %R\t4 . 2 V 0 I %i<:is:ffc$1*3f<:ii'& 

[ 0 0 5 8] ^fc. mm^ 2 muim^b. *s.m»Jx 
^ 1 . 0 5 V o i%tm^^x^mm^m^^t^utc 

c mts^:i^m'r^ too i c Hi* i . 5 ^mjmr 

10 05 9] cwc^i/c. ^m^^zm^a^^b. * 



10 



i|$^2003-34527 
12 

[ 0 0 6 0 ] UhO^^t, i*Sfm^B#<^*^<> 

tc<^: D 4 0 (rc:c<S:K<./r LA 0^aS^Sffi±(<:JiJi<o 

a^^^fi^.'gi//c. co>mmmitxmmifTO>mm. yd 

[0 06 2] COC^S^^^igcr.j cfl. I cfi. f-^m 

[ 0 0 6 3] 
[-^4] 















1, 09 




ij^^i^n (01(1) 


1 80 


eo 


^IsiSBr C!b)) 


1 


1 




0. 5 


0. 5 


Jc {MA/C!fll2} 


2. 4 


0. 6 


I C (A) 


1 


30 




2013* 


S S 76 


Cdeg.) 


0. 6 


0. 82 



(>| C : 7 7 K> 

[0064] tbtjf«4 

0 - 6 3 in 0 1 / »J y ^ >^'^<:5iSu:^^:^S?iSEJS[ 

tc^. 0 4 0 o*c^c<s:^i/T LA omm&^ic\mm 

[0 06 5] CC-a^iJSSi^J cfi. I C*l. f-i7fR 40 

[0066] i:)±o>^t^mRvfimm40^m/f^ir,^ 

bum) <Oiim^^ 1 Se^jg.^l,, ^m^^^^k 1 . 0 
5 V o ! Htmr^^^tx'imim^m^i^ufcii^^u: 

m b X { mm 3m.> . j c mm e o %mmc^ 

[0 06 7] CtKcMirX, m^&Oi&&^-k^< O 50 



'/i^ 6 Y B C 0 © c |gSa=i^<^>fiTi^^g6l^ $ n^ci. 
[ 0 0 6 8 ] C <Dm& i:>%m\m^W^(K>Ai%^^9^E.i>^ 

[0 06 9] m^m 

*fePJ3 <?>L A Om^m^^^{%^XPM^2(0^''-:^r 
P-Y/YSZ/CeO, ^^^rjr^ i BADtg^SS^]^ 

u^-cteii*fePi)3il5]1iC':^r^tci:D. c:<^*l^s^^± . 
[0 07 0] coci-a^jgo::'; cfl. i 

9^!gSi:>'*giti^*tel^3il5lte«CUrffl*U:?cu jS 
:^=g:^5tC^nT. 



http://ww4ipdl.ncipi.gojp/tjcontentdbenjpdl?N0000=21&N0400-^^ 12/27/2006 



Page 1 of 1 



13 



[0 07 1 ] 



(5) 



4$^2003-34527 

14 





ll%0V5 1 £t^9 








1. 05 


1. 0& 


4. 2 


2 


»fa»^ (nin) 


60 


1 BO 


60 


60 




1 


2 


1 


2 




0. 2 


4 


O. 2 


O. 4 




3 


2, 3 


2, 4 


0, 7 


I c CA> 


60 


90 


4 B 


29 




8^ 


13693 








O. 3 3 


O. 9 0 


0, 4 5 


1, 10 



(Jc ; 7 7K) 

[0 07 2] mm^ 

D^'/YS2/CeOi i5^6n^-l> i BADtg^Sg^^ 
1 0 0 7 3] C<rMm^^<DJ c«i. I c«i. f - i7f^ 



[■:)07 4] *5^i#«6 



Sim. Y B c o;^^^.'d^<j c^^ c tiif^mB^ntc. 
[0075] cc'iRm^moj c«i. I c«i. 
5^!gSiy^'4^fji«^:^tei^J3iiilfecuraij^L^^^ 

1 0 0 7 6] 
[^6] 











I QAO\ 






1. 05 


4. 2 




1 80 


60 




1 


1 




0. 5 


0, 5 


J c (MAy^oaZ ) 


1, 8 


0. 5 


1 <? (A) 


90 


25 




16432 


6a37 




0, 6S 


1. 3 



( J o : 7 7 K) 

[0 07 7] itixme 

Jl^. YBCOiO->^'g<J'C^^C<!:iO^I6!^$n:rc, 
[0076] COC-RS^^aoC'J c*l. Ic*l. f-i^S 

[ 0 0 7 9] u±<j>^^mm^m^^fc'mmh^x^^^ 



40 



[ 0 0 6 0 ] 

fc. C<^>Sfk1^itS®S#:©ilJaffciilSXliSt@if3i<D 
i^R^HtcMl.. -e<^>3SSn;<h:$: 



http://www4ipdLncipi.gojp/tjcontentdbenipdl?N0000=21&N0400=im^ 12/27/2006 



Page 1 of 1 



^(9^2 0 03-34 52 7 



(TDWilA 000173784 

.$^t|5a:^E.^Sl -10-13 S+BsAil 



it^tUai^E.^^l -10-13 Mf^All 

.^^SPiLtE^gl -10-13 .^SssaH 



I^PMH^^^m 1 -10- 13 MS^aH 
iF^PMiL^^^m 1 - 10- 13 ^mAm 

F 4G047 IAi03 1A04 JB03 XX?? ICB05 

KB14 KD02 LMO LBOl 

mi^ AD35 AD36 AD40 AD58 B^^l 
aw BA23 BA29 C^34 

5C321 Wl AA04 a^^Ol BW3 CA22 
C^24 0602 DB41 0646 DB47 



http://\vw4ipdLncipi.gojp/tjcontentdbenipdl?N0000=21&N0400 12/27/2006 



JP,2003-034527,A [CLAIMS] 



Page 1 of 2 



* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. * * * * shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 

[Clami(s)] . 
[Claim 1] Thick-film tape-like oxides superconductors characterized by critical current density [ m / m 
the thickness of the oxides superconductors after heat-of-crystallization processmg / 77K ] having 0.7 
MA/cm2 by 0.5 micrometers or more in the oxides superconductors which performed heat-of- 
crystallization processing to the oxide superconductivity precursor which applied on the substrate the 
mixed solution of the metal organic-acid salt which contains each metallic element which constitutes 
oxides superconductors by the predetermined mole ratio, and performed temporary-quenching heat 
treatment. 

[Claim 2] Oxide superconductivity precursors are thick-fihn tape-like oxides superconductors accordmg 
to claim 1 characterized by the particle size of the crystallized oxide which exists in the fihn, and a 
fluoride being 0.3 micrometers or less. 

[Claim 3] Oxide superconductivity precursors are thick-fihn tape-like oxides superconductors accordmg 
to claim 1 or 2 characterized by forming two or more layers on a substrate. 

[Claim 4] For temporary-quenching heat treatment, the temporary-quenching heat treatment temperature 
except the oxide superconductivity precursor of the outermost layer is the thick-fihn tape-like oxides 
superconductors according to claim 3 characterized by being carried out at less than 400 degrees C at 
least. 

[Claim 5] Temporary-quenching heat treatment temperature is thick-fihn tape-like oxides 
superconductors according to claim 4 characterized by being 250-350 degrees C. 
[Claim 6] For heat-of-crystallization processing, a steam partial pressure is claim 1 characterized by 
being carried out in the ambient atmosphere not more than 4.0vol% thru/or thick-fihn tape-like oxides 
superconductors given in 5 any 1 terms. 

[Claim 7] Steam partial pressures are thick-fihn tape-like oxides superconductors given m claim 6 term 
characterized by being the range of 0.5 - 3 .2vol%. 

[Claim 8] The heat-of-crystallization processmg at least before crystallization attainment of the oxide 
superconductivity precursor of the outermost layer is claim 3 characterized by being carried out m the 
ambient atmosphere whose steam partial pressure is 0.5 - 3.2vol% thru/or thick-fihn tape-Uke oxides 
superconductors given in 7 any 1 terms. 

[Claim 9] The heat-of-crystallization processmg after crystallization attainment of the oxide 
superconductivity precursor of the outermost layer is claim 3 characterized by being carried out by being 
below a steam partial pressure before crystallization attainment thru/or thick-fihn tape-like oxides 
superconductors given in 8 any 1 terms. 

[Claun 10] Heat-of-crystallization processing is claim 1 characterized by being carried out in the 
ambient atmosphere which introduced the mixed gas which consists of the gas and oxygen which do not 
react with a steam and oxides superconductors thru/or thick-fihn tape-like oxides superconductors given 
m 9 any 1 terms. 

[Claim 1 1] Oxides superconductors are REl+X Ba2-X Cu3 OY (RE shows at least one or more sorts of 
elements chosen fi-om Y, Nd, Sm, Gd, Eu, Yb, Pr, or Ho here.), below the same, from - claim 1 
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characterized by becoming thru/or thick-film tape-like oxides superconductors given in 10 any 1 terais. 
[Claim 12] A metal organic-acid salt is claim 1 characterized by consisting of any one or more sorts of a 
trifluoroacetic acid salt, an octylic acid salt, naphthenate, or acetate thru/or thick-fibn tape-like oxides 
superconductors given in 1 1 any 1 terms. 

[Claim 13] A metal organic-acid salt is claim 1 characterized by including a trifluoroacetic acid salt at 
least thru/or thick-fibn tape-like oxides superconductors given in 12 any 1 terms. 
[Claim 14] REl+X Ba2-X Cu3 OY fi-om, after applying the mixed solution of the metal organic-acid 
salt which contains each metallic element which constitutes the becoming oxides superconductors by the 
predetermined mole ratio on a substrate In the approach of forming an oxide superconductivity 
precursor, crystallizing said oxide superconductivity precursor by subsequently performing heat-of- 
crystallization processing, and manufacturing oxides superconductors by performing temporaiy- 
quenching heat treatment While forming a two or more layers oxide superconductivity precursor on said 
substrate, temporary-quenching heat treatment temperature except the oxide superconductivity precursor 
of the outermost layer is performed at less than 400 degrees C at least among said temporary-quenching 
heat treatments. And the manufacture approach of the thick-film tape-like oxides superconductors 
characterized by making the steam partial pressure of the iQtroductory gas in said heat-of-crystallization 
processing ambient atmosphere into less than [ 4.0vol% ], and performing it. 

[Claim 15] The manufacture approach of the thick-film tape-like oxides superconductors according to 
claim 14 characterized by being the range whose temporary-quenching heat treatment temperature is 
250-350 degrees C, and being the range whose steam partial pressure of the introductory gas in a heat- 
of-crystallization processing ambient atmosphere is 0.5 - 3.2vol%. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the thick-fihn tape-like oxides superconductors which 
are built over an oxide superconductivity object and its manufacture approach, especially are suitable for 
wire rod-ization applicable to a superconduction magnet, a superconduction cable, a power device, etc., 
and its manufacture approach. 
[0002] 

[Description of the Prior Art] Since, as for oxides superconductors, the critical temperature (Tc) exceeds 

liquid nitrogen temperature, the application to a superconduction magnet, a superconduction cable, a 

power device, etc. is expected, and various researches are advanced wholeheartedly. 

[0003] In order to apply oxide super-**** to the above-mentioned field, critical current density (Jc) is 

high, and it is necessary to manufacture a long wire rod, and on the other hand, in order to obtain a long 

tape, it is necessary to form oxide super-**** on a metal tape fi"om reinforcement and a flexible 

viewpoint. 

[0004] Moreover, since a superconduction property changes with those crystallographic directions, 
oxides superconductors need to raise the stacking tendency within a field, and, also for this reason, need 
to form oxides superconductors on a tape-like substrate. In this case, in order to raise critical current 
density, it is necessary to carry out orientation of the c-axis of oxides superconductors at right angles to 
the plate surface of a substrate, and to carry out orientation within a field of that a-axis (or b-axis) almost 
in parallel with the direction of a current, and to hold the quantum affinity of a superconducting state 
good. 

[0005] (Tape-like RE system oxides superconductors (RE shows at least one or more sorts of elements 
chosen from Y, Nd, Sm, Gd, Eu, Yb, Pr, or Ho here.), i.e., REl+X Ba2-X Cu3 OY) It is below the same. 
The MOD method is learned as the manufacture approach of system oxides superconductors. 
[0006] This MOD method (Metal Organic Deposition Processes: the organic-acid salt depositing 
method) After applying on a substrate the solution which is made to carry out the pyrolysis of the metal 
organic-acid salt, and dissolved the organic compound of a metal component in homogeneity, It is the 
approach of forming a thin fihn on a substrate by heating and carrying out the pyrolysis of this, high Jc 
is obtained in a gassiness process, and also by low cost, since high-speed membrane formation is 
possible, it has an advantage suitable for manufacture of the oxide superconductivity wire rod of the 
shape of a long tape. 

[0007] In the MOD method, although the carbonate of alkaline earth metal (Ba etc.) will usually be 
generated if the pyrolysis of the metal organic-acid salt which is a start raw material is carried out, 
elevated-temperature heat treatment of 800 degrees C or more is needed for formation of the oxides 
superconductors by the solid phase reaction which goes via this carbonate. Therefore, the organic-acid 
salt (for example, a TFA salt: trifluoroacetic acid salt) containing a fluorine is used as a start raw 
material, and the approach of forming RE (123) superconductor (it being the same RE:Ba:Cu=l :2:3 and 
the following.) by heat treatment in a steam ambient atmosphere and control of a steam partial pressure 
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is performed energetically in recent years. 

[0008] The approach of using this TFA salt as a start raw material can be done [ not producing a 
nucleation in a solution but carrying out epitaxial growth of the RE (123) superconductor from a 
substrate by the reaction of a steam and the amorphous precursor containing a fluorine, or ]. 
[0009] 

[Problem(s) to be Solved by the Invention] As mentioned above, when manufacturing tape-like oxides 
superconductors by the MOD method, for utilization, thick-fikn-izing for raising a critical current value 
(Ic) is indispensable. Although it is possible to make high viscosity of the raw material solution 
containing a TFA salt, and to thicken the spreading fikn in order to attain this thick-fikn-ization for a 
TFA salt by the MOD method used as a start raw material HF and C02 which will carry out 
decomposition generation at the time of temporary quenching if the thickness applied at once becomes 
thick When the amount of gas increases, the phenomenon in which the spreading film disperses arises 
and the tape-like oxides superconductors of a thick film cannot be manufactured as a result. 
[0010] Moreover, although it is possible to repeat the process of spreadmg and temporary quenching and 
to thicken the spreading fihn, it becomes difficult by heat-of-crystallization processing to make the 
superconduction crystal excellent in the stacking tendency within a field generate on a substrate in this 
case. It is thought that it is because the nucleation used as the nucleus of crystal growth produces this 
reason into parts other than a substrate side. 

[001 1] This invention sets it as the purpose to offer the tape-like oxides superconductors and its 
manufacture approach of the thick film which has the tropism of your kind consideration, and a high Jc 
value by having been made in order to solve the above trouble, and controlling the temporary-quenching 
heat treatment temperature at the time of heat treatment of the oxide superconductivity precursor formed 
on the substrate, and/or the steam partial pressure of the mtroductory gas in a heat-of-crystallization 
processing ambient atmosphere. 

[0012] Heat-of-crystallization processing of one layer or the temporary-quenching spreading film of 

multilayer structure can attain thick-film-ization of these oxides superconductors. 

[0013] 

[Means for Solving the Problem] In order to attain the above purpose, invention concerning this 
application claim 1, i.e., thick-fihn tape-like oxides superconductors In the oxides superconductors 
which performed heat-of-crystallization processing to the oxide superconductivity precursor which 
applied on the substrate the mixed solution of the metal organic-acid salt which contains each metallic 
element which constitutes oxides superconductors by the predetermined mole ratio, and performed 
temporary-quenching heat treatment It is made for critical current density [ in / in the thickness of the 
oxides superconductors after heat-of-crystallization processing / 77K ] to have 0.7 MA/cm2 by 0.5 
micrometers or more. 

[0014] As for the above-mentioned oxide superconductivity precursor, it is desirable from the point of 
crystal growth to control so that the particle size of the crystallized oxide which exists in the fihn, and a 
fluoride is 0.3 micrometers or less. 

[0015] Moreover, thick-film-ization can be more easily attained by forming the two or more layers 
above-mentioned oxide superconductivity precursor on a substrate. 

[0016] It is desirable that the temporary-quenching heat treatment temperature except the oxide 
superconductivity precursor of the outermost layer performs the above-mentioned temporary-quenching 
heat treatment at less than 400 degrees C at least, and it is desirable especially that it is the range whose 
temporary-quenching heat treatment temperature is 250-350 degrees C. 
[0017] Furthermore, it is desirable that a steam partial pressure performs heat-of-crystallization 
processing in the ambient atmosphere not more than 4.0vol%, and it is desirable that it is in the range 
(range whose steam partial pressure is 1 .0 - 3.2vol% still more preferably) whose steam partial pressure 
is 0.5 - 3.2vol% especially. In this case, the result of having excelled more for performing the steam 
partial pressure in the heat-of-crystallization processing ambient atmosphere before crystallization 
attainment of the oxide superconductivity precursor of the outermost layer at least in 0.5 - 3.2vol% 
(range whose steam partial pressure is 1.0 - 3.2vol% still more preferably), and being below a steam 
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partial pressure before crystallization attainment, and performing heat-of-crystallization processing after 
crystallization attainment of the oxide superconductivity precursor of the outermost layer is obtained. 
[0018] The above heat-of-crystallization processing is performed in the ambient atmosphere which 
introduced the mixed gas which consists of the gas and oxygen which do not react with a steam and 
oxides superconductors. 

[0019] Although oxides superconductors are formed considering the mixed solution of a metal organic- 
acid salt as a start raw material, as for this metal organic-acid salt, it is desirable to consist of any one or 
more sorts of a trifluoroacetic acid salt, an octylic acid salt, naphthenate, or acetate, and it is more 
desirable that a trifluoroacetic acid salt is included especially at least 

[0020] invention which the oxides superconductors described above require for this application claim 
14, i.e., REl+X Ba2-X Cu3 OY, from, after applying the mixed solution of the metal organic-acid salt 
which contains each metalUc element which constitutes the becoming oxides superconductors by the 
predetermined mole ratio on a substrate In the approach of forming an oxide superconductivity 
precursor, crystallizing an oxide superconductivity precursor by subsequently performing heat-of- 
crystallization processing, and manufacturing oxides superconductors by performing temporary- 
quenching heat treatment While forming a two or more layers oxide superconductivity precursor on a 
substrate, temporary-quenching heat treatment temperature except the oxide superconductivity precursor 
of the outermost layer is performed at less than 400 degrees C at least among temporary-quenching heat 
treatments. And it can manufacture by making the steam partial pressure of the introductory gas in a 
heat-of-crystallization processing ambient atmosphere into less than [ 4.0vol% ], and performing it 
[0021] In this case, it is desirable that it is the range whose temporary-quenching heat treatment 
temperature is 250-350 degrees C, and is the range whose steam partial pressure of the introductory gas 
in a heat-of-crystallization processing ambient atmosphere is 0.5 - 3.2vol%, and it is desirable especially 
that it is the range whose steam partial pressure is 1 .0 - 3.2vol%. 
[0022] 

[Embodiment of the Invention] As a substrate used in this invention, either a single crystal substrate or a 
polycrystal substrate can be used. 

[0023] as a single crystal substrate ~ a LaA103 smgle-crystal (100) substrate (henceforth a LAO single 
crystal substrate) etc. - it can use - on the other hand - as a polycrystal substrate - a stacking tendency 
nickel substrate and IBAD ~ the compound substrate using law (Ion Beam Assisted Deposition) etc. can 
be used. 

[0024] A stacking tendency nickel substrate heat-treats and carries out high orientation of the nickel 
substrate which carried out cold working in a vacuum, is developed in U.S. Oak Ridge National 
Laboratory, and is called RABiTS (trademark: rolling-assisted biaxially textured-substrates). It is Ce02 
by making a cerium deposit by EB evaporation in a hot inert gas ambient atmosphere on this stacking 
tendency nickel substrate, and making a steam exist during this deposition. The thin fihn of an epitaxial 
layer can be prepared and what formed the thick film of YSZ (yttrium fiiUy stabilized zirconia) under 
elevated-temperature reduced pressure by the sputtering method on it fiorther can be used as a substrate. 
This Ce02 A layer and a YSZ layer have a fimction as a buffer layer, control a reaction with a 
superconduction layer, prevent the fall of a superconduction property, and they are arranged in order to 
maintain adjustment with a superconduction layer. Furthermore, it is YH-XBa2-X Cu3 OY on the 
above-mentioned YSZ layer. Ce02 which was excellent with crystallographic adjustment with a 
superconductor (henceforth YBCO) What prepared the thin film can be used as a substrate. 
[0025] Furthermore, the compound substrate (henceforth an IBAD compound substrate) using the IBAD 
method While irradiating ion from across to this nickel system substrate on the tape-like nickel system 
substrate of high mtensity by nonmagnetic (Hastelloy etc.) It is what prepared the interlayers (Ce02, Y2 
03, YSZ, etc.) who control a reaction with the element which has the tropism of your kind consideration 
which was made to deposit the particle generated from the target and was formed, and constitutes a 
superconductor. What made the above-mentioned interlayer two-layer structure (Rx shows Y, Nd, Sm, 
Gd, Ei, Yb, Ho, Tm, Dy, Ce, La, or Er. YSZ or Zr2 R X 207 / Ce02, Y2 03, etc.:) It suits well (JP,4- 
329867,A, JP,4-331795,A, application for patent No. 333843 [ 2000 to ]). 
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[0026] Although formation of a thick fikn is enabled in the invention in this application by performing 
temporary-quenching heat treatment temperature except the oxide superconductivity precursor of the 
outermost layer at less than 400 degrees C at least among temporary-quenching heat treatments, for 
example while forming a two or more layers oxide superconductivity precursor on a substrate This For 
example, when the temporary-quenching film of a three-tiered structure is crystallized and oxides 
superconductors are formed. It means performing preferably less than 400 degrees C of temporary- 
quenching heat treatment temperature of 1 and a two-layer eye in a 250-3 50-degree C temperature 
requirement, and it is satisfactory even if the temporary-quenching heat treatment temperature of the 3rd 
layer exceeds at least less than 400 degrees C 400 degrees C. 

[0027] Moreover, in the invention in this application, although the steam partial pressure of the 
introductory gas in a heat-of-crystallization processing ambient atmosphere is made into less than 
[ 4.0vol% ] and is performed for example, in addition to two or more layer formation of a precursor, 
thick-fihn-ization is attained also by crystallization of the temporary-quenching film of one layer using a 
hyperviscous solution in this case. 

[0028] In the invention in this application, although it is the thing under heat-of-crystallization 
processing which makes die steam partial pressure of the introductory gas in the heat-of-crystallization 
processing ambient atmosphere before crystallization attainment of the oxide superconductivity 
precursor of the outermost layer less than [ 4.0vol% ], and performs it at least whUe forming a two or 
more layers oxide superconductivity precursor on a substrate, for example This For example, when the 
temporary-quenching film of a three-tiered structure is crystallized and oxides superconductors are 
formed, the steam partial pressure of the introductory gas under heat-of-crystallization processing of a 1 
and a two-layer eye until crystallization of the 3rd layer is started — less than [ 4.0vol% ] — desirable — 
the range of 0.5 - 3.2vol% (still more preferably) It means the range of 1.0 - 3.2vol%, and carrying out 
by coming out. the introductory gas in a heat-of-crystallization processing ambient atmosphere The 
mixed gas which consists of the gas and oxygen which do not react with a steam and oxides 
superconductors is used, and the steam partial pressure of the introductory gas in a heat-of- 
crystallization processing ambient atmosphere can also raise fixed inclination Shimo or a phase target, if 
the above conditions are satisfied. 

[0029] Moreover, although it is desirable to be carried out by being below a steam partial pressure 
before crystallization attainment as for the heat-of-crystallization processing after crystallization 
attainment of the oxide superconductivity precursor of the outermost layer, in order to control 
degradation of the property by the reaction of a steam and a superconductor, it is desirable [ especially 
after crystallization termination ] to introduce a dry gas. 
[0030] 

[Example] As example 1 substrate, the LAO single crystal substrate with die length of lOnnutn, a v^dth of 
face [ of lOmm ], and a thickness of 0.5mm was used. 

[003 1] On this substrate, each metal TFA salt was dissolved in the methanol so that the mole ratio of 
Y:Ba:Cu might be set to 1:2:3, solution concentration was adjusted [ 1. ] in 0.25 mols /by Y conversion, 
and the raw material solution was created. 

[0032] This raw material solution was applied with the spin coat method on the substrate, and the 
spreading film was formed. Thus, after having carried out furnace cooling after heating to 300 degrees C 
with a low programming rate under the oxygen ambient atmosphere containing a steam to the spreading 
jSlm on the obtained substrate, applying the raw material solution further by the approach same 
subsequently again as the above and forming the spreading film, it heated to 400 degrees C with the low 
programming rate under the oxygen ambient atmosphere containing a steam, subsequently fumace 
cooling was carried out, and the Y-Ba-Cu precursor was obtained. 

[0033] In the heat-of-crystallization processing following this temporary-quenching heat treatment, the 
above-mentioned precursor film was heated with the programming rate of 25 degrees C / min under the 
hypoxia ambient atmosphere of 10-3atm containing a steam, substrate temperature was maintained at 
750 degrees C, and after heat-of-crystallization processing, fumace cooling was carried out, after 
changing the fumace atmosphere subsequently to a dry gas and holding for 10 minutes. 
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[0034] In the above case, the steam was mtroduced in the furnace by carrying out bubbling of the inside 
of the flask into which 30-degree C deionized water went introductory gas. Moreover, the thickness of 
the superconductor obtained by one spreading is about 0.2 micrometers. 

[0035] On the film obtained as mentioned above, silver was vapor-deposited, the electrode was formed, 
heat treatment was performed at 450 degrees C in the oxygen ambient atmosphere for 1 hour, and the 
superconduction film was formed. 

[0036] As for this superconduction film, it was checked as a result of the X diflfraction that YBCO is a 
principal component. 

[0037] About this superconduction fihn, Tc was measured by the direct-current 4 terminal method. 
Moreover, with the YBGO (102) pole figure, the c-axis and the rate of a-axis orientation were measured. 
The measurement result of Tc at the time of using a LAO single crystal substrate, a c-axis, and the rate 
of a-axis orientation is shown in Table 1 . 



[0038] 
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[0039] The raw material solution was applied on the substrate using the LAO single crystal substrate by 
the same approach as example of comparison 1 example 1, and the spreading film was fomied. Thus, 
after heating to 400 degrees C with a low programmmg rate under the oxygen ambient atmosphere 
containing a steam to the spreading fihn on the obtained substrate, furnace cooling was carried out and 
the Y-Ba-Cu precursor was obtained (count 1 of spreading). Furthermore, after heating to 400 degrees C 
with a low progranMuing rate under the oxygen ambient atmosphere which contained the steam after 
applying the raw material solution by the same approach as the above and forming the spreading film on 
this temporary-quenching film separately again, fiimace cooling was carried out and the Y-Ba-Cu 
precursor was obtained (count 2 of spreading). To two kinds of these Y-Ba-Cu precursors, henceforth, 
by the same approach as an example 1, the superconductor was formed on the LAO single crystal 
substrate. 

[0040] As for this superconduction film, it was checked as a result of the X diffraction that YBCO of all 
is a principal component. 

[0041] About this superconduction film, Tc, the c-axis, and the rate of a-axis orientation were measured 
like the example 1. The result was shown in Table 1 at coincidence. 

[0042] as example 2 substrate - Hastelloy / YSZ/Ce02 from - the becoming IB AD compound substrate 
was used, this compound substrate - about lOnm average crystal grain ~ having - the Hastelloy with 
die-length [ of 10mm ], width-of-face [ of 10mm ], and a thickness of 0.1mm tape top - IB AD ~ law — 
using - the bottom of a room temperature - the 1st mterlayer of YSZ - the thickness of 1 micrometer — 
forming membranes - a this top - the sputtering method ~ using ~ Ce02 The 2nd interlayer was 
formed and created in thickness of 0.5 micrometers. 

[0043] By the same approach as an example 1, the superconductor was formed on the compound 
substrate except having used this compound substrate. As for this superconduction film, it was checked 
as a result of tiie X diffraction that YBCO is a principal component. 
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[0044] About this superconduction film, Tc, the c-axis, and the rate of a-axis orientation were measured 
like the example 1. A result is shown in Table 2. 
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[0046] as example of comparison 2 substrate ~ Hastelloy / YSZ/Ce02 of an example 2 from ~ by the 
same approach as the example 1 of a comparison, two kinds of superconductors were formed on the 
IB AD compound substrate except having used the becoming IBAD compound substrate. As for this 
superconduction film, it was checked as a result of the X diffraction that YBCO is a principal 
component 

[0047] About this superconduction film, Tc, the c-axis, and the rate of a-axis orientation were measured 
Uke the example 1. The result was shown in Table 2. 

[0048] Even when which substrate is used as compared with the case where the case where temporary- 
quenching heat treatment of the 1st layer is performed at 300 degrees C is performed at 400 degrees C 
when the temporary-quenching film is formed in two-layer so that clearly [ the above example 1 and 2 
lists ] from the result of the examples 1 and 2 of a comparison, while Tc improves, it is admitted that the 
rate of c-axis orientation is improving remarkably. Although the rate of c-axis orientation falls as 
compared with the case where these values form the temporary-quenching film in one layer, it is shown 
that Tc is in equivalent level. 

[0049] When tihe temporary-quenching film is formed in one layer or two-layer and temporary- 
quenching heat treatment is performed at 400 degrees C, while Tc falls [ the two-layer temporary- 
quenching film ] from 92K to 84-86K to the temporary-quenching fihn of one layer, the rate of c-axis 
orientation also falls remarkably. 

[0050] It is thought that this cause is because the epitaxial growth from a substrate is barred by 
generation of the 1st layer and the impurity layer of the interface of the two-layer eye at the time of heat- 
of-crystallization processing. As a factor of genemtion of this impurity layer, when temporary- 
quenching heat treatment temperature is high, crystallization in the amorphous precursor film advances, 
the 1st layer, the temporary-quenching film, and crystal grain of a two-layer eye react preferentially at 
the time of heat-of-crystallization processing, and it is thought that it becomes easy to generate an 
impurity. 

[0051] Moreover, when temporary-quenching heat treatment of the 1st layer is made low and the 
temporary-quenching fihn is formed in two-layer from the result of the above examples 1 and 2, most 
differences are not accepted in Tc and the rate of c-axis orientation between the cases where the case 
where a single crystal is used as a substrate, and an IBAD compound substrate are used. Furthermore, 
most differences by Tc at the time of formiug the temporary-quenching film in one layer and the 
substrate of the rate of c-axis orientation are not accepted from the result of the examples 1 and 2 of a 
comparison. 

[0052] The steam partial pressure (1.05vol%) and the heat-of-crystallization processing time of 
introductory gas in an example 3 heat-of-crystallization processing ambient atmosphere were changed. 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



12/27/2006 



J^,2003-034527,A [DETAILED DESCRIPTION] 



Page 7 of 10 



and also temporary quenching was carried out at 300 degrees C by the same approach as an example 1, 
temporary quenching was carried out at 400 more degrees C, on tiie LAO single crystal substrate, the 
temporary-quenching fikn was formed in one layer or two-layer, subsequently heat-of-crystallization 
processing was performed and the superconduction film was formed. Moreover, the example which 
carried out temporary quenching to four layers at 300 degrees C, and carried out temporary quenching of 
the 5th layer at 400 degrees C was also shown id coincidence. As for this superconduction fihn, it was 
checked as a result of the X diffraction that YBCO is a principal component 
[0053] Jc value and Ic value (electrical-potential-difference criteria 1 microvolt/cm) of this 
superconduction film were measured by the direct-current 4 terminal method. Moreover, it asked for the 
integrated intensity and half- value width of a peak corresponding to a YBCO (005) side according to the 
X diffraction (rocking curve). A result is shown in Table 3. 
[0054] 
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[0055] The steam partial pressure (4.2vol%) and heat treatment time amount of introductory gas in an 
example of comparison 3 heat-of-crystallization processing ambient atmosphere were changed, and also 
temporary quenching was carried out at 300 degrees C by the same approach as an example 1, 
temporary quenching was carried out at 400 more degrees C, on the LAO single crystal substrate, the 
temporary-quenching film was formed in one layer, two-layer, or five layers, subsequently heat-of- 
crystallization processing was performed and the superconduction fibn was formed. As for this 
superconduction fihn, it was checked as a result of the X diffraction that YBCO is a principal 
component. 

[0056] Jc value, Ic value, peak integrated intensity, and half- value width of this superconduction film 
were measured like the example 3. The result was shown in Table 3. 

[0057] When forming the temporary-quenching film in one layer and changing a steam partial pressure 
to 1 .05vol(s)% or 4.2vol(s)% so that clearly from the result of the above example 3 and the example 3 of 
a comparison, the difference is small although some Jc values and Ic values change. 
[0058] Moreover, the temporary-quenching film is formed in two-layer, and when a steam partial 
pressure is reduced with 1.05vol(s)% and heat-of-crystallization processing is performed, although some 
Jc values fall, Ic value increases about 1.5 times as compared witii the case where the temporary- 
quenching fihn is formed in one layer. 

[0059] On the other hand, when the temporary-quenching fihn was formed in two-layer and heat-of- 
crystallization processing was performed for a steam partial pressure at 4.2vol(s)%, when Jc value falls 
remarkably as compared with tiie case where the temporary -quenching film is formed in one layer, the 
result to which Ic value also falls is shown, and decline in the rate of c-axis orientation of YBCO was 
checked from the rocking curve in this case. 

[0060] Since the crystal growth rate of the YBCO film will become large if the steam partial pressure at 
tiie time of heat-of-crystallization processing increases, the above result is considered to be because for 
crystallinity and the rate of c-axis orientation to fall. 

[0061] Formed the thick fihn by one spreading with the high-concentration raw material solution which 
adjusted [ 1. ] example 4 solution concentration in 0.63 mols /, and the steam partial pressure (1.05vol%) 
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and heat treatment time amount of introductory gas in a heat-of-crystailization processing ambient 
atmosphere were changed, and also temporary quenching was carried out at 400 degrees C by the same 
approach as an example 1, on the LAO single crystal substrate, 1 stratification of the temporary- 
quenching film of a thick fihn was carried out, subsequently heat-of-crystallization processmg was 
performed, and the superconduction fihn was formed. As for this superconduction film, it was checked 
as a result of the X diffraction that YBCO is a principal component. 

[0062] Jc value, Ic value, peak integrated intensity, and half-value width of this superconduction fihn 
were measured like the example 3. A result is shown m Table 4. 



[0063] 
FTable 41 
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[0064] formed the thick film by one spreading with the high-concentration raw material solution which 
adjusted [ 1. ] example of comparison 4 solution concentration in 0.63 mols /, and the steam partial 
pressure (4.2vol% ) and heat treatment tune amount of introductory gas in a heat of crystallization 
processing ambient atmosphere be changed , and also temporary quenching be carried out at 400 degrees 
C by the same approach as an example 1 , on the LAO single crystal substrate , 1 stratification of the 
temporary quenching fihn be carried out , subsequently heat of crystalUzation processing be performed , 
and the superconduction film be formed . As for this superconduction film, it was checked as a result of 
the X diffraction that YBCO is a principal component. 

[0065] Jc value, Ic value, peak integrated intensity, and half- value width of this superconduction fihn 
were measured like the example 3. The result was shovra in Table 4. 

[0066] Enlarge concentration of a raw material solution and the temporary-quenching fihn of a thick 
film (0.5 micrometers) is formed in one layer so that clearly from the result of the above example 4 and 
the example 4 of a comparison. When a steam partial pressure is reduced with 1 .05vol(s)% and heat-of- 
crystallization processing is performed, although Jc value falls to about 60%, Ic value increases about 
1 .5 times as compared with the case where the temporary-quenching fihn is formed in one layer with a 
thickness of 0.2 micrometers (example 3 reference). 

[0067] on the other hand, enlarge concentration of a raw material solution, form the temporary- 
quenching film of a thick fihn (0.5 micrometers) in one layer, and when heat-of-crystallization 
processmg is performed at 4.2vol(s)%, a steam partial pressure As compared with the case where the 
temporary-quenching film is formed in one layer with a thickness of 0.2 micrometers (example of 
comparison 3 reference), the result which Jc value and Ic value are also large, and falls is shovm, and 
decline in the rate of c-axis orientation of YBCO was checked fi-om the rocking curve m this case. 
[0068] If the steam partial pressure at the time of heat-of-crystallization processing also uicreases this 
reason, the crystal growth rate of the YBCO film will become large, and it will think for crystallinity and 
the rate of c-axis orientation to fall. 

[0069] the LAO single crystal substrate of example 5 example 3 - replacing with - Hastelloy / 
YSZ/Ce02 of an example 2 from - the becoming IB AD compound substrate was used, and also the 
temporary-quenching film was formed in one layer or two-layer on this compoimd substrate by the same 
approach as an example 3, subsequently heat-of-crystallization processing was performed and the 
superconduction film was formed. As for this superconduction fihn, it was checked as a result of the X 
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diffraction that YBCO is a principal component. 

[0070] Jc value, Ic value, peak integrated intensity, and half- value width of this superconduction film 

were measured like the example 3. A result is shown in Table 5. 

[0071] 
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[0072] the LAO single crystal substrate of example of comparison 5 example 3 ~ replacing with ~ 
Hastelloy / YSZ/Ce02 of an example 2 from — tiie becoming IBAD compoimd substrate was used, and 
also the temporary-quenching film was formed in one layer or two-layer on this compound substrate by 
the same approach as the example 3 of a comparison, subsequently heat-of-crystailization processing 
was performed and the superconduction film was formed. As for this superconduction film, it was 
checked as a result of the X diffraction that YBCO is a principal component. 
[0073] Jc value, Ic value, peak integrated intensity, and half- value width of this superconduction film 
were measured like the example 3. The result was shown in Table 5. 

[0074] the LAO single crystal substrate of example 6 example 3 — replacing with — Hastelloy / 
YSZ/Ce02 of an example 2 from — by the same approach as an example 4, the becoming IBAD 
compound substrate was used, and also the thick film was formed by one spreading using the high- 
concentration raw material solution, heat-of-crystallization processing was performed and the 
superconduction film was formed. As for this superconduction film, it was checked as a result of the X 
diffraction that YBCO is a principal component. 

[0075] Jc value, Ic value, peak integrated intensity, and half- value width of this superconduction fihn 
were measured like the example 3. A result is shown in Table 6. 
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[0077] the LAO single crystal substrate of example of comparison 6 example 3 ~ replacing with ~ 
Hastelloy / YSZ/Ce02 of an example 2 from ~ by the same approach as the example 4 of a comparison, 
the becoming IBAD compound substrate was used, and also the thick film was formed by one spreading 
using the high-concentration raw material solution, heat-of-crystailization processing was performed and 
the superconduction fihn was formed. As for this superconduction fihn, it was checked as a result of the 
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X diffraction that YBCO is a principal component. 

[0078] Jc value, Ic value, peak integrated intensity, and half- value width of this superconduction film 
were measured like the example 3. The result was shown in Table 6. 

[0079] Although Jc value and Ic value fell to the example 3 and 4 lists to which the result of the 
examples 5 and 6 of a comparison used the LAO single crystal substrate for the above example 5 and 6 
lists using a compound substrate, respectively as compared with the examples 3 and 4 of a comparison, 
the result which shows the same inclination was obtained. 
[0080] 

[Effect of the Invention] As stated above, according to this invention, the tape-like oxides 
superconductors of a thick fihn which have the tropism of your kind consideration and a high Jc value 
are obtained by controlling the temporary-quenching heat treatment temperature at the time of heat 
treatment of the oxide superconductivity precursor formed on the substrate, and/or the steam partial 
pressure of the introductory gas in a heat-of-crystallization processing ambient atmosphere. Moreover, 
in order that it may form a superconduction layer by the MOD method which is a gassiness process 
while heat-of-crystallization processing of one layer or the temporary-quenching spreading fihn of 
multilayer structure can attain it, thick-fihn-ization of these oxides superconductors is suitable for a long 
wire rod, can reduce that manufacturing cost remarkably and is suitable for the appUcation to a 
superconduction magnet or a superconduction cable. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

TECHNICAL FIELD 

[Field of the Invention] This invention relates to the thick-film tape-like oxides superconductors which 
are built over an oxide superconductivity object and its manufacture approach, especially are suitable for 
wire rod-ization applicable to a superconduction magnet, a superconduction cable, a power device, etc., 
and its manufacture approach. 
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PRIOR ART 



[Description of the Prior Art] Since, as for oxides superconductors, the critical temperature (To) exceeds 

liquid nitrogen temperature, the application to a superconduction magnet, a superconduction cable, a 

power device, etc. is expected, and various researches are advanced wholeheartedly. 

[0003] In order to apply oxide super-**** to the above-mentioned field, critical current density (Jc) is 

high, and it is necessary to manufacture a long wire rod, and on the other hand, in order to obtain a long 

tape, it is necessary to form oxide super-**** on a metal tape from reinforcement and a flexible 

viewpoint. 

[0004] Moreover, since a superconduction property changes with those crystallographic directions, 
oxides superconductors need to raise the stacking tendency within a field, and, also for this reason, need 
to form oxides superconductors on a tape-like substrate. In this case, in order to raise critical current 
density, it is necessary to carry out orientation of the c-axis of oxides superconductors at right angles to 
the plate surface of a substrate, and to carry out orientation within a field of that a-axis (or b-axis) almost 
in parallel with the direction of a current, and to hold the quantum affinity of a superconducting state 
good. 

[0005] (Tape-like RE system oxides superconductors (RE shows at least one or more sorts of elements 
chosen from Y, Nd, Sm, Gd, Eu, Yb, Pr, or Ho here.), i.e., REl+X Ba2-X Cu3 OY) It is below the same. 
The MOD method is leamed as the manufacture approach of system oxides superconductors. 
[0006] This MOD method (Metal Organic Deposition Processes: the organic-acid salt depositing 
method) After applying on a substrate the solution which is made to carry out the pyrolysis of the metal 
organic-acid salt, and dissolved the organic compound of a metal component in homogeneity. It is the 
approach of forming a thin film on a substrate by heating and carrying out the pyrolysis of this, high Jc 
is obtained in a gassiness process, and also by low cost, since high-speed membrane formation is 
possible, it has an advantage suitable for manufacture of the oxide superconductivity wire rod of the 
shape of a long tape. 

[0007] In the MOD method, although the carbonate of alkaline earth metal (Ba etc.) will usually be 
generated if the pyrolysis of the metal organic-acid salt which is a start raw material is carried out, 
elevated-temperature heat treatment of 800 degrees C or more is needed for formation of the oxides 
superconductors by the solid phase reaction which goes via this carbonate. Therefore, the organic-acid 
salt (for example, a TFA salt: trifluoroacetic acid salt) containing a fluorine is used as a start raw 
material, and the approach of forming RE (123) superconductor (it being the same RE:Ba:Cu=l :2:3 and 
the following.) by heat treatment in a steam ambient atmosphere and control of a steam partial pressure 
is performed energetically in recent years. 

[0008] The approach of using this TFA salt as a start raw material can be done [ not producing a 
nucleation in a solution but carrying out epitaxial growth of the RE (123) superconductor from a 
substrate by the reaction of a steam and the amorphous precursor containing a fluorine, or ]. 
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EFFECT OF THE INVENTION 



[Effect of the Invention] As stated above, accordmg to this invention, the tape-like oxides 
superconductors of a thick film which have the tropism of your kind consideration and a high Jc value 
are obtained by controlling the temporary-quenching heat treatment temperature at the time of heat 
treatment of the oxide superconductivity precursor formed on the substrate, and/or the steam partial 
pressure of the introductory gas in a heat-of-crystallization processing ambient atmosphere. Moreover, 
in order that it may form a superconduction layer by the MOD method which is a gassiness process 
while heat-of-crystallization processing of one layer or the temporary-quenching spreading film of 
multilayer structure can attain it, thick-film-ization of these oxides superconductors is suitable for a long 
wire rod, can reduce that manufacturing cost remarkably and is suitable for the application to a 
superconduction magnet or a superconduction cable. 
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TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] As mentioned above, when manufacturing tape-like oxides 
superconductors by the MOD method, for utilization, thick-fihn-izing for raising a critical current value 
(Ic) is indispensable. Although it is possible to make high viscosity of the mw material solution 
containing a TFA salt, and to thicken the spreading film in order to attain this thick-fihn-ization for a 
TFA salt by the MOD method used as a start raw material HF and C02 which will carry out 
decomposition generation at the time of temporary quenching if the thickness applied at once becomes 
thick When the amount of gas increases, the phenomenon in which the spreading film disperses arises 
and the tape-like oxides superconductors of a thick film cannot be manufactured as a result. 
[0010] Moreover, although it is possible to repeat the process of spreading and temporary quenching and 
to thicken the spreading film, it becomes difficult by heat-of-crystallization processing to make the 
superconduction crystal excellent in the stacking tendency within a field generate on a substrate in this 
case. It is thought that it is because the nucleation used as the nucleus of crystal growth produces this 
reason into parts other than a substrate side. 

[001 1] This invention sets it as the purpose to offer the tape-like oxides superconductors and its 
manufacture approach of the thick film which has the tropism of your kind consideration, and a high Jc 
value by having been made in order to solve the above trouble, and controlling the temporary-quenching 
heat treatment temperature at the time of heat treatment of the oxide superconductivity precursor formed 
on the substrate, and/or the steam partial pressure of the introductory gas in a heat-of-crystallization 
processing ambient atmosphere. 

[0012] Heat-of-crystallization processing of one layer or the temporary-quenching spreading film of 
multilayer structure can attain thick-film-ization of these oxides superconductors. 
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MEANS 



[Means for Solving the Problem] In order to attain the above purpose, invention concerning this 
application claim 1, i.e., thick-film tape-like oxides superconductors In the oxides superconductors 
which performed heat-of~crystallization processing to the oxide superconductivity precursor which 
applied on the substrate the mixed solution of the metal organic-acid salt which contains each metallic 
element which constitutes oxides superconductors by the predetermined mole ratio, and performed 
temporary-quenching heat treatment It is made for critical current density [ in / in the thickness of the 
oxides superconductors after heat-of-crystallization processing / 77K ] to have 0.7 MA/cm2 by 0.5 
micrometers or more. 

[0014] As for the above-mentioned oxide superconductivity precursor, it is desirable from the point of 
crystal growth to control so that the particle size of the crystallized oxide which exists in the fihn, and a 
fluoride is 0.3 micrometers or less. 

[0015] Moreover, thick-fikn-ization can be more easily attained by fonning the two or more layers 
above-mentioned oxide superconductivity precursor on a substrate. 

[0016] It is desirable that the temporary-quenching heat treatment temperature except the oxide 
superconductivity precursor of the outermost layer performs the above-mentioned temporary -quenching 
heat treatment at less than 400 degrees C at least, and it is desirable especially that it is the range whose 
temporary-quenching heat treatment temperature is 250-350 degrees C. 
[0017] Furthermore, it is desirable that a steam partial pressure performs heat-of-crystallization 
processing in the ambient atmosphere not more than 4.0vol%, and it is desirable that it is in the range 
(range whose steam partial pressure is 1.0 - 3.2vol% still more preferably) whose steam partial pressure 
is 0.5 - 3.2vol% especially. In this case, the result of having excelled more for perfontning the steam 
partial pressure in the heat-of-crystallization processing ambient atmosphere before crystallization 
attainirient of the oxide superconductivity precursor of the outermost layer at least in 0.5 - 3.2vol% 
(range whose steam partial pressure is 1.0 - 3.2vol% still more preferably), and being below a steam 
partial pressure before crystallization attainment, and performing heat-of-crystallization processing after 
crystallization attainment of the oxide superconductivity precursor of the outermost layer is obtained. 
[0018] The above heat-of-crystallization processing is performed in the ambient atmosphere which 
introduced the mixed gas which consists of the gas and oxygen which do not react with a steam and 
oxides superconductors. 

[0019] Although oxides superconductors are formed considering the mixed solution of a metal organic- 
acid salt as a start raw material, as for this metal organic-acid salt, it is desirable to consist of any one or 
more sorts of a trifluoroacetic acid salt, an octylic acid salt, naphthenate, or acetate, and it is more 
desirable that a trifluoroacetic acid salt is included especially at least. 

[0020] invention which the oxides superconductors described above require for this application claim 
14, i.e., REH-X Ba2-X Cu3 OY, from, after applying the mixed solution of the metal organic-acid salt 
which contains each metallic element which constitutes the becoming oxides superconductors by the 
predetermined mole ratio on a substrate In the approach of forming an oxide superconductivity 
precursor, crystallizing an oxide superconductivity precursor by subsequently performing heat-of- 
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crystallization processing, and manufacturing oxides superconductors by performing temporary- 
quenching heat treatment While forming a two or more layers oxide superconductivity precursor on a 
substrate, temporary-quenching heat treatment temperature except the oxide superconductivity precursor 
of the outermost layer is performed at less than 400 degrees C at least among temporary-quenching heat 
treatments. And it can manufacture by making the steam partial pressure of the introductory gas in a 
heat-of-crystallization processing ambient atmosphere into less tiian [ 4.0vol% ], and performing it. 
[0021] In this case, it is desirable that it is the range whose temporary-quenching heat treatment 
temperature is 250-350 degrees C, and is the range whose steam partial pressure of the introductory gas 
in a heat-of-crystallization processing ambient atmosphere is 0.5 - 3.2vol%5 and it is desirable especially 
that it is the range whose steam partial pressure is 1.0 - 3.2vol%. 
[0022] 

[Embodiment of the Invention] As a substrate used in this invention, either a single crystal substrate or a 
polycrystal substrate can be used. 

[0023] as a single crystal substrate — a LaA103 single-crystal (100) substrate (henceforth a LAO single 
crystal substrate) etc. — it can use ~ on the other hand ~ as a polycrystal substrate ~ a stacking tendency 
nickel substrate and IBAD ~ the compound substrate using law (Ion Beam Assisted Deposition) etc. can 
be used. 

[0024] A stacking tendency nickel substrate heat-treats and carries out high orientation of the nickel 
substrate which carried out cold working in a vacuum, is developed in U.S. Oak Ridge National 
Laboratory, and is called RABiTS (trademark: rolling-assisted biaxially textured-substrates). It is Ce02 
by making a cerium deposit by EB evaporation in a hot inert gas ambient atmosphere on this stacking 
tendency nickel substrate, and making a steam exist during this deposition. The thin film of an epitaxial 
layer can be prepared and what formed the thick film of YSZ (yttrium fully stabilized zirconia) under 
elevated-temperature reduced pressure by the sputtering method on it further can be used as a substrate. 
This Ce02 A layer and a YSZ layer have a function as a buffer layer, control a reaction with a 
superconduction layer, prevent the fall of a superconduction property, and they are arranged in order to 
maintain adjustment with a superconduction layer. Furthermore, it is YH-XBa2-X Cu3 OY on the 
above-mentioned YSZ layer. Ce02 which was excellent with crystallographic adjustment with a 
superconductor (henceforth YBCO) What prepared the thin film can be used as a substrate. 
[0025] Furthermore, the compound substrate (henceforth an IBAD compound substrate) using the IBAD 
method While irradiating ion from across to this nickel system substrate on the tape-like nickel system 
substrate of high intensity by nonmagnetic (Hastelloy etc.) It is what prepared the interlay ers (Ce02, Y2 
03, YSZ, etc.) who control a reaction with the element which has the tropism of your kind consideration 
which was made to deposit the particle generated fi-om the target and was formed, and constitutes a 
superconductor. What made the above-mentioned interlayer two-layer structure (Rx shows Y, Nd, Sm, 
Gd, Ei, Yb, Ho, Tm, Dy, Ce, La, or Er. YSZ or Zr2 R X 207 / Ce02, Y2 03, etc.:) It suits well (JP,4- 
329867,A, JP,4-33 1 795,A, application for patent No. 333843 [ 2000 to ]). 

[0026] Although formation of a thick film is enabled in the invention in this application by performing 
temporary-quenching heat treatment temperature except the oxide superconductivity precursor of the 
outermost layer at less than 400 degrees C at least among temporary-quenching heat treatments, for 
example while forming a two or more layers oxide superconductivity precursor on a substrate This For 
example, when the temporary-quenching fiilm of a three-tiered structure is crystallized and oxides 
superconductors are formed, It means performing preferably less than 400 degrees C of temporary- 
quenching heat treatment temperature of 1 and a two-layer eye in a 250-3 50-degree C temperature 
requirement, and it is satisfactory even if the temporary-quenching heat treatment temperature of the 3rd 
layer exceeds at least less than 400 degrees C 400 degrees C. 

[0027] Moreover, in the invention in this application, although the steam partial pressure of the 
introductory gas in a heat-of-crystallization processing ambient atmosphere is made into less than 
[ 4.0vol% ] and is performed for example, in addition to two or more layer formation of a precursor, 
thick-fihn-ization is attained also by crystallization of the temporary-quenching film of one layer using a 
hyperviscous solution in this case. 
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[0028] In the invention in this application, although it is the thing under heat-of-crystallization 
processing which makes the steam partial pressure of the introductory gas in the heat-of-crystallization 
processing ambient atmosphere before crystallization attainment of the oxide superconductivity 
precursor of the outermost layer less than [ 4.0vol% ], and performs it at least while forming a two or 
more layers oxide superconductivity precursor on a substrate, for example This For example, when the 
temporary-quenching film of a three-tiered stmcture is crystallized and oxides superconductors are 
formed, the steam partial pressure of the mtroductory gas under heat-of-crystallization processing of a 1 
and a two-layer eye until crystallization of the 3rd layer is started - less than [ 4.0vol% ] - desirable ~ 
the range of 0.5 - 3.2vol% (still more preferably) It means the range of 1 .0 - 3.2vol%, and carrymg out 
by coming out. the introductory gas in a heat-of-crystallization processing ambient atmosphere The 
mixed gas which consists of the gas and oxygen which do not react with a steam and oxides 
superconductors is used, and the steam partial pressure of the introductory gas in a heat-of- 
crystallization processing ambient atmosphere can also raise fixed inclination Shimo or a phase target, if 
the above conditions are satisfied. 

[0029] Moreover, although it is desirable to be carried out by being below a steam partial pressure 
before crystallization attainment as for the heat-of-crystallization processing after crystallization 
attainment of the oxide superconductivity precursor of the outermost layer, in order to control 
degradation of the property by the reaction of a steam and a superconductor, it is desirable [ especially 
after crystallization termination ] to introduce a dry gas. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
daxoages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



EXAMPLE 



[Example] As example 1 substrate, the LAO single crystal substrate with die length of lOmm, a width of 
face [ of 10mm ], and a thickness of 0.5mm was used. 

[0031] On this substrate, each metal TFA salt was dissolved in the methanol so that the mole ratio of 
Y:Ba:Cu might be set to 1:2:3, solution concentration was adjusted [ 1. ] in 0.25 mols Ihy Y conversion, 
and the raw material solution was created. 

[0032] This raw material solution was applied with the spin coat method on the substrate, and the 
spreading film was formed. Thus, after having carried out fumace cooling after heating to 300 degrees C 
with a low programming rate under the oxygen ambient atmosphere containing a steam to the spreading 
film on the obtained substrate, applying the raw material solution fiirther by the approach same 
subsequently again as the above and forming the spreading fikn, it heated to 400 degrees C with the low 
programming rate under the oxygen ambient atmosphere containing a steam, subsequently fumace 
cooling was carried out, and the Y-Ba-Cu precursor was obtained. 

[0033] In the heat-of-crystallization processing following this temporary-quenching heat treatment, the 
above-mentioned precursor film was heated with the programming rate of 25 degrees C / min under the 
hypoxia ambient atmosphere of 10-3atm containing a steam, substrate temperature was maintained at 
750 degrees C, and after heat-of-crystallization processing, fimiace cooling was carried out, after 
changing the fiamace atmosphere subsequently to a dry gas and holding for 10 minutes. 
[0034] In the above case, the steam was introduced in the fumace by carrying out bubbling of the inside 
of the flask into which 30-degree C deionized water went introductory gas. Moreover, the thickness of 
the superconductor obtained by one spreading is about 0.2 micrometers. 

[0035] On the film obtained as mentioned above, silver was vapor-deposited, the electrode was formed, 
heat treatment was performed at 450 degrees C in the oxygen ambient atmosphere for 1 hour, and the 
superconduction film was formed- 

[0036] As for this superconduction fihn, it was checked as a result of the X diffiaction that YBCO is a 
principal component. 

[0037] About this superconduction fihn, Tc was measured by the direct-current 4 terminal method. 
Moreover, with the YBCO (102) pole figure, the c-axis and the rate of a-axis orientation were measured. 
The measurement result of Tc at flie time of using a LAO single crystal substrate, a c-axis, and the rate 
of a-axis orientation is shown in Table 1 . 
[0038] 
[Table 1] 
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[0039] The raw material solution was applied on the substrate using the LAO single crystal substrate by 
tiie same approach as example of comparison 1 example 1, and the spreading film was formed. Thus, 
after heating to 400 degrees C with a low programming rate under the oxygen ambient atmosphere 
containing a steam to the spreading film on the obtained substrate, furnace cooling was carried out and 
the Y-Ba-Cu precursor was obtained (count 1 of spreading). Furthermore, after heating to 400 degrees C 
with a low programmmg rate under the oxygen ambient atmosphere which contained the steam after 
applying the raw material solution by the same approach as the above and forming the spreading fihn on 
this temporary-quenching film separately again, fiimace cooling was carried out and the Y-Ba-Cu 
precursor was obtained (count 2 of spreading). To two kinds of these Y-Ba-Cu precursors, henceforth, 
by the same approach as an example 1, the superconductor was formed on the LAO single crystal 
substrate. 

[0040] As for this superconduction film, it was checked as a result of the X diffiaction that YBCO of all 
is a principal component. 

[0041] About this superconduction film, Tc, the c-axis, and the rate of a-axis orientation were measured 
like the example 1. The result was shown in Table 1 at coincidence. 

[0042] as example 2 substrate ~ Hastelloy / YSZ/Ce02 fi-om - the becoming IB AD compound substrate 
was used, this compound substrate - about lOnm average crystal gram ~ having - the Hastelloy with 
die-length [ of 10mm ], width-of-face [ of 10mm ], and a thickness of 0.1mm tape top -- IB AD -- law ~ 
using - the bottom of a room temperature - the 1st interlay er of YSZ - the thickness of 1 micrometer ~ 
forming membranes ~ a this top ~ the sputtering method ~ using — Ce02 The 2nd interlay er was 
formed and created in thickness of 0.5 micrometers. 

[0043] By the same approach as an example 1, the superconductor was formed on the compoimd 
substrate except having used this compound substrate. As for this superconduction film, it was checked 
as a result of the X diffraction that YBCO is a principal component. 

[0044] About this superconduction fihn, Tc, the c-axis, and the rate of a-axis orientation were measured 
like the example 1. A result is shown in Table 2. 
[0045] 
[Table 2] 
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[0046] as example of comparison 2 substrate Hastelloy / YSZ/Ce02 of an example 2 from ~ by the 
same approach as the example 1 of a comparison, two kinds of superconductors were formed on the 
IB AD compound substrate except having used the becoming IBAD compound substrate. As for this 
superconduction film, it was checked as a result of the X diffraction that YBCO is a principal 
component. 

[0047] About this superconduction film, Tc, the c-axis, and the rate of a-axis orientation were measured 
like the example 1 . The result was shown in Table 2. 

[0048] Even when which substrate is used as compared with the case where the case where temporary- 
quenching heat treatment of the 1st layer is performed at 300 degrees C is performed at 400 degrees C 
when the temporary-quenching film is formed in two-layer so that clearly [ the above example 1 and 2 
lists ] from the result of the examples 1 and 2 of a comparison, while Tc improves, it is admitted that the 
rate of c-axis orientation is improving remarkably. Although the rate of c-axis orientation falls as 
compared with the case where these values form the temporary-quenching film in one layer, it is shown 
that Tc is m equivalent level. 

[0049] When the temporary-quenching fihn is formed in one layer or two-layer and temporary- 
quenching heat treatment is performed at 400 degrees C, while Tc falls [ the two-layer temporary- 
quenching film ] from 92K to 84-86K to the temporary-quenching film of one layer, the rate of c-axis 
orientation also falls remarkably. 

[0050] It is thought that this cause is because the epitaxial growth from a substrate is barred by 
generation of the 1st layer and the impurity layer of the interface of the two-layer eye at the time of heat- 
of-crystallization processing. As a factor of generation of this impurity layer, when temporary- 
quenching heat treatment temperature is high, crystallization in the amorphous precursor film advances, 
the 1st layer, the temporary-quenching film, and crystal grain of a two-layer eye react preferentially at 
the time of heat-of-crystallization processing, and it is thought that it becomes easy to generate an 
impurity. 

[0051] Moreover, when temporary-quenching heat treatment of the 1st layer is made low and the 
temporary -quenching film is formed in two-layer from the result of the above examples 1 and 2, most 
differences are not accepted in Tc and the rate of c-axis orientation between the cases where the case 
where a single crystal is used as a substrate, and an IBAD compound substrate are used. Furthermore, 
most differences by Tc at the time of forming the temporary-quenching film in one layer and the 
substrate of the rate of c-axis orientation are not accepted from the result of the examples 1 and 2 of a 
comparison. 

[0052] The steam partial pressure (1 .05vol%) and the heat-of-crystallization processing time of 
introductory gas in an example 3 heat-of-crystallization processing ambient atmosphere were changed, 
and also temporary quenching was carried out at 300 degrees C by the same approach as an example 1 , 
temporary quenching was carried out at 400 more degrees C, on the LAO single crystal substrate, the 
temporary-quenching film was formed in one layer or two-layer, subsequently heat-of-crystallization 
processing was performed and the superconduction film was formed. Moreover, the example which 
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carried out temporary quenching to four layers at 300 degrees C, and carried out temporary quenching of 
the 5th layer at 400 degrees C was also shown in coincidence. As for this superconduction film., it was 
checked as a result of the X diffraction that YBCO is a principal component. 
[0053] Jc value and Ic value (electrical-potential-diflference criteria 1 microvolt/cm) of this 
superconduction fikn were measured by the direct-current 4 terminal method. Moreover, it asked for the 
integrated intensity and half- value width of a peak corresponding to a YBCO (005) side according to the 
X diffraction (rocking curve). A result is shown in Table 3. 
[0054] 

[Table 3] 
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[0055] The steam partial pressure (4.2vol%) and heat treatment time amoimt of introductory gas in an 
example of comparison 3 heat-of-crystallization processing ambient atmosphere were changed, and also 
temporary quenching was carried out at 300 degrees C by the same approach as an example 1, 
temporary quenching was carried out at 400 more degrees C, on the LAO single crystal substrate, the 
temporary-quenching film was formed in one layer, two-layer, or five layers, subsequently heat-of- 
crystallization processing was performed and the superconduction film was formed. As for this 
superconduction film, it was checked as a result of die X diffraction that YBCO is a principal 
component. 

[0056] Jc value, Ic value, peak integrated intensity, and half- value width of this superconduction fibn 
were measured like the example 3. The result was shown in Table 3. 

[0057] When forming the temporary-quenching film in one layer and changing a steam partial pressure 
to L05vol(s)% or 4.2vol(s)% so that clearly from the result of the above example 3 and the example 3 of 
a comparison, the difference is small although some Jc values and Ic values change. 
[0058] Moreover, the temporary-quenching film is formed in two-layer, and when a steam partial 
pressure is reduced with 1.05vol(s)% and heat-of-crystallization processing is performed, although some 
Jc values fall, Ic value increases about 1.5 times as compared with the case where the temporary- 
quenching film is formed in one layer. 

[0059] On the other hand, when the temporary-quenching fihn was formed in two-layer and heat-of- 
crystallization processing was performed for a steam partial pressure at 4.2vol(s)%, when Jc value falls 
remarkably as compared with tiie case where the temporary-quenching film is formed in one layer, the 
result to which Ic value also falls is shown, and decline in the rate of c-axis orientation of YBCO was 
checked from the rocking curve in this case. 

[0060] Since the crystal growth rate of the YBCO fihn will become large if the steam partial pressure at 
tihe time of heat-of-crystallization processing increases, the above result is considered to be because for 
crystallinity and the rate of c-axis orientation to fall. 

[0061] Formed the thick film by one spreading with the high-concentration raw material solution which 
adjusted [ 1. ] example 4 solution concentration in 0.63 mols /, and the steam partial pressure (1.05vol%) 
and heat treatment time amount of introductory gas in a heat-of-crystallization processing ambient 
atmosphere were changed, and also temporary quenching was carried out at 400 degrees C by the same 
approach as an example 1, on the LAO single crystal substrate, 1 stratification of the temporary- 
quenching fihn of a thick film was carried out, subsequently heat-of-crystallization processing was 
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performed, and the superconduction film was formed. As for this superconduction fihn, it was checked 
as a result of the X diffraction that YBCO is a principal component. 

[0062] Jc value, Ic value, peak integrated intensity, and half-value width of this superconduction fihn 

were measured like the example 3. A result is shown in Table 4. 

[0063] 
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[0064] formed the thick film by one spreading with the high-concentration raw material solution which 
adjusted [ 1. ] example of comparison 4 solution concentration in 0.63 mols /, and the steam partial 
pressure (4.2vol% ) and heat treatment time amount of introductory gas in a heat of crystallization 
processing ambient atmosphere be changed , and also temporary quenching be carried out at 400 degrees 
C by the same approach as an example 1 , on the LAO single crystal substrate , 1 stratification of the 
temporary quenching film be carried out , subsequently heat of crystallization processing be performed , 
and the superconduction film be formed . As for this superconduction film, it was checked as a result of 
the X diflfraction that YBCO is a principal component. 

[0065] Jc value, Ic value, peak integrated intensity, and half-value width of this superconduction film 
were measured like the example 3. The result was shown in Table 4. 

[0066] Enlarge concentration of a raw material solution and the temporary-quenching film of a thick 
film (0.5 micrometers) is formed in one layer so that clearly from the result of the above example 4 and 
the example 4 of a comparison. When a steam partial pressure is reduced with 1.05vol(s)% and heat-of- 
crystallization processing is performed, although Jc value falls to about 60%, Ic value increases about 
1 .5 times as compared with the case where the temporary-quenching film is formed in one layer Avith a 
thickness of 0.2 micrometers (example 3 reference). 

[0067] on the other hand, enlarge concentration of a raw material solution, form the temporary- 
quenching film of a thick film (0.5 micrometers) in one layer, and when heat-of-crystallization 
processing is performed at 4.2vol(s)%, a steam partial pressure As compared with the case where the 
temporary-quenching film is formed in one layer with a thickness of 0.2 micrometers (example of 
comparison 3 reference), the result which Jc value and Ic value are also large, and falls is shown, and 
decline in the rate of c-axis orientation of YBCO was checked from the rocking curve in this case. 
[0068] If the steam partial pressure at the time of heat-of-crystallization processing also increases this 
reason, the crystal growth rate of the YBCO film will become large, and it will think for crystallinity and 
the rate of c-axis orientation to fall. 

[0069] the LAO single crystal substrate of example 5 example 3 — replacing with Hastelloy / 
YSZ/Ce02 of an example 2 from - the becoming IB AD compound substrate was used, and also the 
temporary-quenching film was formed in one layer or two-layer on this compound subsixate by the same 
approach as an example 3, subsequently heat-of-crystallization processing was performed and the 
superconduction film was formed. As for this superconduction fihn, it was checked as a result of the X 
diffiaction that YBCO is a principal component. 

[0070] Jc value, Ic value, peak integrated intensity, and half-value width of this superconduction fihn 

were measured like the example 3. A result is shown in Table 5. 

[0071] 
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[0072] the LAO single crystal substrate of example of comparison 5 example 3 ~ replacing with — 
Hastelloy / YSZ/Ce02 of an example 2 from — the becoming IBAD compound substrate was used, and 
also the temporary-quenching film was formed in one layer or two-layer on this compound substrate by 
the same approach as the example 3 of a comparison, subsequently heat-of-crystallization processing 
was performed and the superconduction film was formed. As for this superconduction film, it was 
checked as a result of the X diffraction that YBCO is a principal component. 
[0073] Jc value, Ic value, peak integrated intensity, and half- value width of this superconduction film 
were measured like the example 3 . The result was shown in Table 5. 

[0074] the LAO single crystal substrate of example 6 example 3 ~ replacing with ~ Hastelloy / 
YSZ/Ce02 of an example 2 from — by the same approach as an example 4, the becoming IBAD 
compound substrate was used, and also the thick film was formed by one spreading using the high- 
concentration raw material solution, heat-of-crystallization processing was performed and the 
superconduction fihn was formed. As for this superconduction film, it was checked as a result of the X 
diffraction that YBCO is a principal component 

[0075] Jc value, Ic value, peak integrated intensity, and half-value width of this superconduction film 

were measured like the example 3. A result is shown in Table 6. 

[0076] 
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[0077] the LAO single crystal substrate of example of comparison 6 example 3 — replacing with ~ 
Hastelloy / YSZ/Ce02 of an example 2 from ~ by the same approach as the example 4 of a comparison, 
the becoming IBAD compound substrate was used, and also the thick film was formed by one spreading 
using the high-concentration raw material solution, heat-of-crystallization processing was performed and 
the superconduction film was formed. As for this superconduction fihn, it was checked as a resuh of tiie 
X diffraction that YBCO is a principal component. 

[0078] Jc value, Ic value, peak integrated intensity, and half- value width of this superconduction film 
were measured like the example 3. The result was shown in Table 6. 

[0079] Although Jc value and Ic value fell to the example 3 and 4 lists to which the result of the 
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examples 5 and 6 of a comparison used the LAO single crystal substrate for the above example 5 and 6 
lists using a compound substrate, respectively as compared with the examples 3 and 4 of a comparison, 
the result which shows the same inclination was obtained. 



[Translation done.] 
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